There is strong evidence that cancer-associated inflammation promotes tumor growth and progression. This is especially true for colorectal cancer (CRC). Interleukins (ILs) are important modulators for inflammation. We examined whether promoter polymorphisms in key IL genes (IL4, IL4R, IL6, IL8 and IL10) are associated with the risk or clinical outcome of CRC. Five singlenucleotide polymorphisms (SNPs) were analyzed in genomic DNA from a cohort including 308 Swedish incident cases of CRC with data on Dukes' stage and up to 16 years of follow-up and 585 healthy controls. The selected SNPs have previously been shown to be functional and/or associated with cancer. None of the analyzed SNPs associated with the risk of CRC. When stratifying by tumor stage, significantly more patients carrying at least one G allele of IL10-1082 had tumors with Dukes' stages A 1 B than with stages C 1 D (P trend 5 0.035 for genotype distribution). Analyzing associations with overall survival time, we found the rare T allele of IL4-590 to be related to a longer survival [CT versus CC Cox proportional hazard ratio 0.69, 95% confidence intervals 0.46-1.03, TT versus CC 0.32 (0.10-1.03)]. For IL6-174, the CG genotype was associated with a longer survival when compared with the CC genotype [0.64 (0.40-1.01)]. The present study was particularly suitable for survival analysis because all patients were sampled before the diagnosis of CRC. Our results suggest that the SNPs IL4-590 and IL6-174 may be useful markers for CRC prognosis. The predicted biological effect of these SNPs in relation to promotion of cancer progression is consistent with the observed increased survival time.
Introduction
Colorectal cancer (CRC) is the second leading cause of cancer-related death in the Western countries (1) . Heritable factors have been estimated to account for 35% of the risk of CRC (2) . Germ line mutations in the adenomatous polyposis coli gene and the DNA mismatch repair genes lead to the familial adenomatous polyposis and the hereditary non-polyposis CRC syndromes, respectively (3) . These inherited syndromes account for ,5% of CRC (3) . Several low-penetrance alleles or loci for CRC, such as APC Ã I370K, SMAD7 and 8q24, have also been identified (3) (4) (5) (6) . However, hardly anything is known about the effects of genetic variants on the progression and the prognosis of CRC.
It is well established that cancer arises and progresses in chronically inflamed tissue, and this is particularly notable in the gastrointestinal tract (7, 8) . Inflammatory bowel disease has been shown to be a risk factor for CRC (9) . Recently, genome-wide association studies have identified the interleukin (IL) receptor gene, IL23R, as a risk factor for inflammatory bowel disease (10, 11) . For hepatocellular carcinoma and lung adenocarcinoma, cytokine gene expression signatures have been shown to predict the prognosis with high accuracy (12, 13) . In CRC, only tumor tissue expression of IL6 and serum levels of IL6 and IL8 have been studied in regard to cancer progression. The results showed that increased expression was a marker for a more aggressive outcome (14) (15) (16) (17) . Polymorphisms in the promoter and other regulatory regions of the cytokine genes may affect gene expression and maintenance and progression of CRC.
Here, we investigate the effects of common single-nucleotide polymorphisms (SNPs) in the promoter regions of proinflammatory (IL6 and IL8) and anti-inflammatory ILs (IL4, IL4R and IL10) on CRC. The selected SNPs have been shown to affect transcriptional activity or gene expression in vitro (18) (19) (20) (21) (22) (23) (24) , production of the IL proteins ex vivo (18, 24, 25) and/or serum protein levels in vivo (19, (26) (27) (28) (29) (30) . The SNPs IL6-174 (rs1800795) and IL8-251 (rs4073) have been associated with the risk of CRC (31) (32) (33) , whereas no association between the IL4-590 (rs2243250), IL4R-3223 (rs2057768) and IL10-1082 (rs1800896) SNPs and CRC has been observed so far (31, 34, 35) . The IL6-174 and IL10-1082 SNPs have been shown to modify the prognosis and the survival of different cancers (36) (37) (38) (39) (40) , but to our knowledge, only one study (without any information of follow-up time) has been published regarding the effect of IL SNPs (IL4-590 and IL4R-3223) on survival in CRC (35) . To analyze the effect of the IL SNPs on CRC risk and progression, the SNPs were genotyped in genomic DNA of the Swedish incident CRC patients, for whom data on tumor stage and long-term survival were available.
Materials and methods

Population
The analyses were performed on genomic DNA from 308 Swedish CRC cases together with 585 controls. The cases, with the age and gender-matched controls, were drawn from the population-based Västerbotten intervention cohort and mammary screening project, which contain blood samples collected between October 1987 and April 2002 from an ethnically homogenous population living in a geographically defined region in North Sweden (41, 42) . Prospective cases were identified from the cohorts by record linkage to the regional cancer registry. The controls were selected from the same cohort as the corresponding case. They were matched with the case by the age at baseline (±6 months) and by the time of sampling (±2 months). The controls had to be alive at the time of diagnosis of the corresponding case and without any previous cancer diagnosis, except carcinoma in situ of cervix uteri. The female versus male distribution among the cases was 56.5 versus 43.5% and among the controls 56.1 versus 43.9%. The mean age at sampling of the cases was 56.8 years (range 30.1-73.4) and of the controls 56.8 years (range 30.0-73.8). The blood samples were stored at À80°C until the time of sample selection and DNA isolation for genotyping analyses. The samples were randomly divided on the 96-well plates. The laboratory personnel were kept blinded to the casecontrol status throughout the study. Clinical data for the CRC cases were retrieved from the registry managed by the Northern Sweden Collaborative Group for Colorectal Diseases (Table I ). Information about the date of death was collected from the Swedish population register with a follow-up until September 2006. The data of cause of death were not available. The study was approved by the ethical committee of Karolinska Institute Syd and Umeå University.
SNP genotyping
SNP genotyping was performed with predesigned TaqMan assays from Applied Biosystems (Foster City, CA): IL4-590C/T (rs2243250, assay C_16176216_ 10); IL4R-3223G/A (rs2057768, assay C_2769607_10); IL8-251A/T (rs4073, assay C_11748116_10) and IL10-1082G/A (rs1800896, assay C_1747360_Sequence detection system. Rates of genotyping completion ranged between 97.4 and 99.7%. For quality control, 10% of randomly selected samples containing both cases and controls were analyzed a second time without finding any discrepancies.
Statistical analyses
The observed genotype frequencies in the controls were tested for HardyWeinberg equilibrium and the difference between the observed and expected frequencies was tested for significance using the v 2 test. Statistical significance for the differences in the genotype frequencies between the CRC cases and controls was determined by using the v 2 test. Odds ratios (ORs) and 95%
confidence intervals (CIs) for associations between genotypes and CRC and tumor characteristics were calculated by conditional logistic regression. The ORs were considered statistically significant when the 95% CIs did not overlap unity. The frequency of the minor allele homozygous genotype in the controls varied between 7.4 and 22.8% (Table II) . For a polymorphism with a risk genotype frequency between 10 and 20%, our study had .80% power to detect an OR of 1.8-1.6 at a significance level of 0.05 (PS software for power and sample size calculation, http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/ PowerSampleSize). The Kaplan-Meier method was used to estimate the survival probabilities, and the log-rank test was used to test differences between subgroups. We used death by any cause as an end point. After 115 months follow-up, only 25 cases were at risk, and no events took place after that. In order to exclude effects of genotype-specific responses to different treatments on survival, we also analyzed genotype-specific survival separately for patients diagnosed before and after 1 January 2000 (147 and 161 cases, respectively). In Sweden, the clinical management of CRC changed around year 2000, when preoperative radiotherapy was introduced for localized rectal cancers (43) . Thereafter, postoperative adjuvant chemotherapy has also been introduced for advanced colorectal tumors (Dukes' C), and surgical techniques have been changed. Additionally, we repeated the survival analyses for a 5 years survival in order to investigate whether the studied SNPs affect short-term survival. The prognostic significance of the IL genotypes was assessed by multivariate Cox proportion hazard model adjusted for age, gender and tumor stage. Statistical analyses were performed in SPSS, version 14. We estimated to have a power of $80% to observe a hazard ratio (HR) of 3.0, comparable with the situation in the IL4-590 analysis.
Results
IL SNPs, CRC risk and stage
The distribution of the genotypes for each polymorphism genotyped was in agreement with Hardy-Weinberg equilibrium. No significant The controls were matched with the corresponding case by gender, age at baseline (±6 months) and time of sampling (±2 months). They had to be alive at the time of diagnosis of the corresponding case and without any previous cancer diagnosis, except carcinoma in situ of cervix uteri. ORs and 95% CIs for associations between genotypes and CRC and tumor characteristics were calculated by conditional logistic regression. The ORs were considered statistically significant when the 95% CIs did not overlap unity.
Interleukin promoter polymorphisms and prognosis in colorectal cancer differences in the genotype frequencies were observed between the cancer patients and the controls for any of the SNPs (Table II) . When stratifying by tumor stage, significantly more patients carrying at least one G allele of IL10-1082 had tumors with Dukes' stages A þ B than with stages C þ D (P trend 5 0.035 for genotype distribution). For the other SNPs, no association was found in the stratified sample set.
IL SNPs and overall survival
Based on the data from our cohort with up to 16 years of follow-up, we examined the impact of the analyzed SNPs on the overall survival time of the CRC patients. The strongest association was found for IL4-590 as shown in Figure 1A : patients with the CC genotype had a significantly shorter survival compared with patients with the CT (P 5 0.047) or the TT genotype (P 5 0.028). As shown in Figure 1B , the IL6-174 genotype CC (allele annotation refers to the probe sequence) was also found to be associated with a shorter survival. However, the association was statistically significant only when compared with the CG genotype (P 5 0.032). The results of the 5 years survival analysis were very similar: the CC genotype of IL4-590 was associated with a significantly shorter survival compared with the CT genotype (P 5 0.037) and to the TT genotype (P 5 0.055); the association of the CC genotype of IL6-174 with survival was only significant compared with the CG genotype (P 5 0.017). The CC genotypes of the IL4-590 and IL6-174 SNPs were also associated with shortest survival both in patients diagnosed with CRC before and after 1 January 2000 (data not shown). However, the only statistically significant association was observed between the IL4-590 CC genotype and survival in patients diagnosed before 2000 (CC versus CT P 5 0.021 and CC versus TT P 5 0.076). The associations of the IL4-590 and IL6-174 genotypes with survival did not depend on Dukes' stage (data not shown). In the multivariate analysis, the stage of the tumor was found to be the most important factor for survival (HR 4.46, 95% CI 2.98-6.65, P , 0.001). The prognostic value of the genotypes was of borderline significance after adjusting for age, gender and tumor stage (IL4-590 TT versus CC: HR 0.32, 95% CI 0.10-1.03, P 5 0.056 and IL6-174 CG versus CC: HR 0.64, 95% CI 0.40-1.01, P 5 0.052). The other SNPs were not associated with survival, either in the long-term or the short-term analysis (data not shown).
Discussion
The most significant result of our study was the association of the C allele of the promoter SNP IL4-590 with a shorter overall survival. IL4 is an anti-inflammatory cytokine and the C allele has been associated with decreased transcriptional activity (21, 22) . In cancer cell lines, variations in the activity of IL4 and its receptor have been shown to modulate cell proliferation and to affect signal transduction pathways (44) . In a human CRC cell line, IL4 has been shown to inhibit cell growth (45) . IL4 has further been described to cause a dosedependent reduction of proliferation (46) and to inhibit matrix metalloproteinases (MMP-1, -2 and -9), cell matrix invasion and cell migration (47) . Thus, a polymorphism decreasing the expression of the gene would be expected to promote cancer progression, consistent with the observed shortened survival time in C allele carriers in our study.
Our results showed that the IL6-174 genotype CC was significantly associated with poor overall survival when compared with the heterozygous genotype CG, but the association did not show statistical significance when compared with the homozygous genotype GG. Results from previous studies concerning the effect of IL6-174 on expression, cancer risk or survival are contradictory (19, 23, 25, 26, (28) (29) (30) 32, 33, (36) (37) (38) . This may partially be explained by the confusion in the nomenclature of IL6-174 alleles because the allele frequencies are close to 50% in Caucasians and the alleles are the complementary nucleotides C and G. Thus, the allele annotation depends on which DNA strand is used as a reference sequence. In our study, the allele annotation is according to the probe sequences given in Materials and Methods. Other factors contributing to the inconsistent results in the literature might be nearby SNPs (-597, -572 and -373) that also affect the activity of the IL6 promoter (23) . Furthermore, IL6 has both pro-as well as anti-inflammatory properties (48, 49) and it seems to be regulated differently depending on the type of cell it is expressed in (23) . In CRC patients, high expression of IL6 has been correlated with the size or invasiveness of the tumor (16), lymph node and/or hepatic metastasis (14) and poor survival (15) , all features indicating a more aggressive behavior of the cancer. The C allele, which we found to be associated with shorter survival time, has been associated with a lower IL6 serum level in CRC patients (26) . In other studies, however, the C allele has been described to correlate with increased IL6 serum levels (28) (29) (30) .
The present study was particularly suitable for survival analysis because all patients were sampled before the diagnosis of CRC, independently of their genotype (42) . The follow-up time was up to 16 years after diagnosis, allowing analysis of long-term survival. Interestingly, the poor survival of the CC genotype carriers of the IL4-590 and IL6-174 SNPs was observed both in the long-term (up to 16 years follow-up) and the short-term (5 years follow-up) survival analyses. However, the changes in the treatment strategies introduced around 2000 in Sweden are a limitation of our study (43) . Although the poor survival observed in the CC genotype carriers of the IL4-590 and IL6-174 SNPs was observed both in patients diagnosed before and Table II for the number of cases with each genotype.
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after 1 January 2000, these results should be taken with caution because of the follow-up time differences and the small numbers of cases in some subgroups. If our finding holds in the future studies, it may indicate the usefulness of these SNPs as early indicators for poor survival, and the treatment and follow-up strategies could be adjusted accordingly.
Genetic factors may also have an effect on prognostically important features of the malignant phenotype and these factors are probably to be different from the ones affecting the risk of CRC (50, 51) . Because data of Dukes' stage of the tumors were available, subdivision of the patients according to the severity of the disease based on the traditional prognostic marker was also possible. In our study, significantly more patients carrying at least one G allele of IL10-1082 had tumor stages A þ B than stages C þ D. A protective effect for the G allele could be due to an increased expression of the anti-inflammatory IL10 (18, 24) . However, the SNP was not associated with the survival time, decreasing its value as a prognostic biomarker. In our study, more patients with Dukes' stage A tumors were observed than expected. The participation rate in the Västerbotten Intervention Project was 60-70% of the population. It is possible that there was a selection bias in the recruited population, as individuals aware of their health may have been more prone to participate.
Although all the analyzed SNPs have been shown to have a functional effect or to be associated with the risk of CRC in studies with comparable sample sizes to our study (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) 35 ), we did not find any association with the risk of CRC in our patient series. However, with our sample size (308 cases and 585 controls), only major effects of the studied SNPs on the CRC risk (OR . 1.6) could be excluded.
As in all association studies, analysis of multiple SNPs represents a statistical multiple comparison problem. Although there are several methods for handling multiple comparisons in molecular epidemiological studies, no standard approach has been universally adopted (52) . It is also unclear how the likely biological relevance of an SNP should be taken into account. In our study, the associations of the IL4 and IL6 SNPs with survival were of borderline significance after adjusting for Dukes' stage, the strongest traditional prognostic marker in CRC, age and sex. However, multivariate analysis is complicated by correlations between variables whereby causality cannot be inferred.
In conclusion, our results suggest a role for IL4 and IL6 SNPs in CRC prognosis. Due to the strong evidence about the biological significance of these SNPs and the rather limited number of cases in our study, further independent studies are needed to evaluate the significance of our findings in the clinic. 
